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Abstract

The gallbladder is commonly examined for incidental findings. Since gall-
bladder malignancy has a poor prognosis, distinguishing benign from malignant
lesions is crucial. Radiologists and sonographers should therefore be aware of
common gallbladder incidental findings, which will undoubtedly increase with
increasing medical imaging use. Gallbladder and biliary tree imaging is primar-
ily performed by ultrasound, but contrast-enhanced ultrasound (CEUS) and
magnetic resonance imaging (MRI) are becoming more common. It discusses
two common gallbladder incidental findings, adenomyomatosis and gallbladder
polyps. We will review and compare the imaging features of these conditions
between radiological modalities, and discuss the pathology, epidemiology, natural
history, and management of these conditions.

Introduction

Gallbladder diseases are on the rise worldwide. Annually, there are more than
200,000 cases of gallbladder and biliary tract cancer, but incidental findings such
as polyps and adenomyomatosis are far more common. It is the most common
malignancy of the biliary tree, but there are only approximately 1,100 cases per
year in the United Kingdom. In addition to being aware of incidental gallbladder
findings, clinicians, and particularly radiologists, need to be knowledgeable
about them, as detection continues to increase [1]. Gallbladder polyps and
adenomyomatosis are the two most common incidental gallbladder findings
reviewed in this article. These common incidental gallbladder findings are
reviewed in terms of their imaging features on different radiological modalities,
as well as their epidemiology, natural history, and management [2].

Methods

For the purpose of this review, a detailed literature review was conducted.
We searched MEDLINE using combinations of terms 'gallbladder’, "polyps’, and

'adenomyomatosis', without any restriction on language or date.
Gallbladder polyps
Background

Transabdominal ultrasound (TAUS) frequently detects gallbladder polyps,
which are increasingly prevalent as the use of medical imaging increases [3]. A
gallbladder polyp is defined as an elevation of the mucosal surface of the gallblad-
der that protrudes into the gallbladder lumen and that does not move or show
posterior acoustic shadowing on TAUS imaging. There are two types of gallblad-
der polyps: true polyps and pseudo polyps [4]. The former are sessile polyps, while
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the latter are pedunculated polyps. The most common type of
true polyp is the gallbladder wall adenomas, which are thought
to have malignant potential. In addition to fibromas, lipomas,
and leiomyomas, gallbladder polypoids can also be malignant,
such as mesenchymal neoplasms, lymphomas, and metasta-
ses, although these are far more rare than common adenomas
[5]. A pseudo polyp does not have malignant potential and
is commonly an inflammatory polyp, an adenomatous polyp,
or a cholesterol foci. Gallbladder pseudo polyps are believed
to account for at least 70% of all polyps detected by TAUS.
Also included in false-positive findings are impacted calculi
attached to the gallbladder wall, echogenic sludge, and muco-
sal folds. The presence of gallbladder polyps is usually inciden-
tal since they are typically asymptomatic. Gallbladder polyps
may cause intermittent pain, nausea and vomiting in the right
upper quadrant when symptoms are present [6].

Epidemiology

In adults, gallbladder polyps are estimated to occur in
0.3 - 12.3% of cases. There is a male predilection for gall-
bladder polyps and a median age at diagnosis ranging from
40 to 58 years. Raised body mass index is associated with a
greater prevalence of cholesterol polyps. Although gallbladder
polyps are mostly associated with adults, they can also devel-
op in children, however, this review article does not address
this issue [7]. The incidence of gallbladder cancer is relatively
uncommon, despite the prevalence of gallbladder polyps. Just
20% of gallbladder cancer patients survive five years or longer,
a poor prognosis. In order to detect gallbladder cancer at an
early stage, it is vital to distinguish benign findings from ma-
lignant ones (Figure 1) [8].

Figure 1: Incidence of gallbladder cancer worldwide [9].

Natural history

Adenoma-carcinoma progression from gallbladder pol-
yps to cancer remains controversial. The sequence of adeno-
ma-carcinoma in gallbladder polyps has been studied. How-
ever, a study by Kai et al found that adenomas did not exhibit
the molecular changes associated with dysplasia, carcinoma in
situ, and invasive malignancy, indicating that adenomas may
not be precursors to gallbladder cancer [10].

A few high-quality studies have estimated the absolute
risk of gallbladder polyp malignancy, but this data suggests
the risk is very low. There were 11.3 gallbladder cancers per
100,000 person/year’s according to a large North American

study including over 600,000 patients with gallbladder polyps
(95% confidence intervals (CI) 6.2 - 16.3). Cancer rates in-
creased with polyp size, from 1.3 (95% CI 0.7 - 6.5) in polyps
less than 6 mm, to 128.2 (95% CI 9.4 - 217.0) in polyps great-
er than 10 mm. For polyps smaller than 10 mm, the authors
hypothesized that 95,624 ultrasound examinations would be
required after the first year to detect one gallbladder cancer
(corresponding to a rate of 1.05 per 100,000 scans). A 20-year
study also showed that gallbladder polyps naturally grow slow-
ly, raising concerns about the current strategy of monitoring
polyps based on their size [11, 12].

Risk factors for malignancy

'The following clinical factors have been associated with a
higher risk of malignancy in patients with gallbladder polyps
[13].

Polyp size

There is an established association between gallbladder
polyp size and the risk of malignancy, but the risk remains
relatively low even when polyps measure 10 mm or larger. Size
is often used as a criterion for guiding the management of
patients in many international guidelines. Malignant polyps
typically exceed 10 mm in size. As of diagnosis, 75% of gall-
bladder adenocarcinomas measured more than 10 mm. The
risk of gallbladder cancer is rare for polyps less than 10 mm
in size [14].

Primary sclerosing cholangitis (PSC)

Coexistence of PSC and gallbladder polyps is associated
with a higher risk for malignancy. Gallbladder polyps are more
common than in the general population, according to sever-
al small, retrospective observational studies and have an in-
creased risk of malignancy [15]. Four hundred and fifty-three
patients with PSC were studied by Yoon et al. [16] across two
centres, and 16% had gallbladder polyps. There were 8.8 gall-
bladder cancers per 1000 person-years (CI 1.8 - 25.7). Of 18
patients with polyps, 56% had malignancy. It seems that even
small polyps less than 10 mm are associated with an increased
risk of malignancy [16].

Patient age

In addition to patient age, there are several confounding
factors associated with gallbladder cancer from polyps. Also,
age is a common criterion for guiding management, but the
threshold for recommendations remains unclear. Each of the
following age-appropriate thresholds for malignant risk has
been proposed: 50 years, 60 years, and 65 years [17].

Number of polyps

A systematic review and multicentre series have demon-
strated an increased risk of malignancy for solitary polyps,
suggesting that solitary polyps should be considered with
other known clinical risk factors. Other retrospective and
single-center studies have concluded that a single polyp is an
independent risk factor for malignancy, however, details con-
cerning confounding factors are often missing [18].
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Sessile morphology

An eccentric gallbladder wall thickening, and a sessile
polyp can be difficult to distinguish on imaging. According-
ly, these two factors are often grouped together in guidelines.
According to a systematic review by previous authors, sessile
morphology was an independent risk factor for gallbladder
cancer (odds ratio 7.32; 95% CI 4.18 - 12.82). A study by
Yoshimitsu et al. [19] found similar results. Other retrospec-
tive studies have shown a link between gallbladder wall thick-
ening and malignancy [19]. These studies are of low quality
given their design and sample sizes, so there is limited evi-
dence for sessile morphology to be a risk factor for malignancy.
An ultrasound-based risk stratification system for gallbladder
wall thickening has been proposed, but the clinical validity
and utility of this system have yet to be published [20].

Ethnicity

Malignancies are rarely associated with ethnicity. It was
demonstrated by previous authors that Indian ethnicity in-
creases cancer risk. Further, Joo et al. [21] discovered that East
Asian populations had a higher incidence of malignant gall-
bladder polyps [21].

Gallstones

'The presence of gallstones as a risk factor for malignancy
has been described, but with varying evidence. One study sug-
gested that gallstones may mechanically disrupt the formation
of gallbladder polyps when present in the gallbladder [22].
Gallstones are not included in international guidance because
the evidence is not conclusive.

Radiological investigation of gallbladder polyps
Gallbladder polyps are routinely detected, diagnosed, and

monitored using TAUS. However, in certain circumstances
with appropriate expertise, other imaging modalities may be

considered as an aid to decision-making (Figure 2) [23].

Figure 2: Polyp inside gall bladder [24].

Imaging features

Radiological modalities as well as the underlying polyp-
oidal pathology affect imaging features of gallbladder polyps.
There are, however, overlaps in imaging features, which can
make differentiating gallbladder polypoid lesions difficult. An
overview of the imaging characteristics of commonly occur-
ring incidental gallbladder lesions can be found, while a com-
parison of benign and malignant imaging characteristics can

be found.

It is probably most important to distinguish between be-
nign and malignant gallbladder lesions. On several imaging
modalities, gallbladder cancer commonly appears as a large,
heterogeneous mass. It can also occur as thickened gallblad-
der walls or polypoid lesions. Malignancy is highly suggestive
of an infiltrating mass into adjacent structures. An ultrasound
scan of an adenocarcinoma shows a nodular surface, round
shape, and heterogeneous internal echo. Demonstration of in-
ternal vascularity is associated with adenocarcinoma but can
also be seen in adenoma.

Gallbladder metastases are uncommon, but possible.
‘There are primary malignancies, including malignant melano-
ma, renal cell, gastric, hepatocellular, and lung carcinomas. The
imaging characteristics of gallbladder metastases include focal
wall thickening and increased vascularity. If there is a history
of malignancy, metastases should be suspected [25].

TAUS

‘There are hyperechoic adenomas compared to nearby bile,
and they are immobile. It is possible for adenomas to be sessile
or pedunculated, and they lack posterior acoustic shadowing.
Pedunculated polyps often do not have a stalk visible. Doppler
imaging can reveal internal vascularity in adenomas, which
vary in size.

The appearance of pseudopolyps, however, varies depend-
ing on their constitution. An ultrasound feature of a pseudo
polyp is reverberation or the comet tail artefact posterior to
a polypoid lesion. An acoustic shadow may appear behind
cholesterol polyps when they are pedunculated, solitary, or
multiple. They are usually smaller than 10 mm, may have a
granular surface or a tiny spotted echo pattern inside, and have
a homogeneous or a granular surface. In the presence of dop-
pler flow, cholesterol polyps may exhibit a "twinkling artefact".
Despite their variability in imaging features, pseudopolyps are
difficult to distinguish from true polyps. Pseudopolyps caused
by inflammation are less common and associated with chronic
cholecystitis. A sessile or pedunculated seed is usually smaller,
homogenous, and sessile [2].

Polypoid gallbladder lesions are reasonably detectable
with TAUS. In a systematic review by Xie et al. [26] six stud-
ies (16,260 participants) investigated TAUS. According to the
results of the study, TAUS is 84% (95% CI 59 - 95%) sensitive
and 96% (95% CI 92 - 98%) specific for gallbladder polyp de-
tection. Gallbladder polyps can be diagnosed and followed up
with TAUS due to its high sensitivity and specificity. In recent
studies, however, it has been shown that TAUS often detects
polyps that are not true. The false-positive rate for TAUS has
been reported as high as 85% in one systematic review. Pathol-
ogy confirmed pseudopolyps (59%) and cholelithiasis (38%).
The low positive predictive value may result in unnecessary
monitoring and cholecystectomy. A similar reduction in di-
agnostic accuracy occurs when TAUS is used to distinguish
between polyps and pseudopolyps. There was a 68% summary
sensitivity (95% CI 44 - 85%) and a 79% summary specificity
(95% CI 57 - 91%). A large proportion of gallbladder polyps
may be monitored inappropriately based on these data, as well
as estimates that around 70% are pseudopolyps [26].
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The tumefactive biliary sludge and gallstones mimic
polypoid gallbladder lesions. A tumefactive biliary sludge is
characterized by adhesion to the gallbladder wall and is thus
non-mobile. Simple biliary sludge often appears as layers, is
hyperechoic, lacks posterior acoustic shadowing, and is mo-
bile. Despite its lack of internal vascularity, tumefactive biliary
sludge can exhibit twinkling artifacts on doppler assessment
due to cholesterol deposits or calcifications. When gallstones
are located in the neck of the gallbladder or are mobile, hyper-
echoic, and have posterior acoustic shadowing, they are diffi-
cult to visualize.

High-resolution ultrasound (HRUS)

TAUS transducers that operate at a high frequency (at
least 10 MHz) have better resolution, but less penetration
than transducers that operate at a low frequency. Compared
with low frequency transducers, high frequency transducers
allow for a more accurate assessment of polyp internal echoes
and a better visualisation of gallbladder walls. As an adjunct
to TAUS, HRUS is being investigated for the assessment of
gallbladder polyps. The HRUS of neoplastic polyps revealed a
single lobular surface, a vascular core, hypo echogenicity, and
internal hypoechoic foci [27].

CEUS

TAUS can also be supplemented with CEUS. With
CEUS, it is possible to determine whether a polypoid lesion
is benign or neoplastic and to distinguish non-vascular from
vascular components. A CEUS can also be used to visualize
polyp contours, morphology, size, and margins. A study by
Yoshimitsu et al. [28] found CEUS to be more accurate than
TAUS at diagnosing diseases. There was a 94.1% sensitivity
and 95.5% specificity difference between CEUS and TAUS
in distinguishing benign from malignant polypoid gallblad-
der lesions. The arterial phase of adenomas usually increases
homogeneously, and the venous phase becomes isoechoic,
whereas the venous phase of adenocarcinomas decreases ho-
mogeneously. As a result, pseudopolyps and sludge should not
enhance [28].

Endoscopic ultrasound (EUS)

By performing an EUS, close contact can be made with
the gallbladder, which produces higher-resolution images.
The EUS allows the visualization of the mucosa, muscularis
propria, and subserosa of the gallbladder wall, as well as the
assessment of the morphology and surface of gallbladder pol-
yps [29]. Due to a lack of routine use of EUS for gallbladder
polyps, limited diagnostic accuracy data exists for EUS over
TAUS. Compared to TAUS, EUS differentiates true polyps
from pseudopolyps more accurately. EUS has a summary sen-
sitivity of 85% (95% CI 46 - 97%), and a summary specificity
of 90% (95% CI 78 - 96%), compared to TAUS which has a
summary sensitivity of 68% (95% CI 44 - 85%) and 79% (95%
CI 57 - 91%). The authors concluded that there was no sig-
nificant difference in diagnostic accuracy between TAUS and
EUS when detecting true polyps and pseudopolyps.

Computed tomography (CT)
Gallbladder polyps cannot be diagnosed or staged with

CT in clinical practice, but rather are diagnosed, or staged,
using CT. In addition to providing extra biliary information,
CT has become increasingly accessible. In a study by Hara-
dome et al. [30] TAUS detected gallbladder polyps more sen-
sitively than CT. A retrospective, single-center study found the
presence of polyps only 63% of the time on CT, whereas only
45% of polyps smaller than 13 mm were visible on CT. A ret-
rospective, single-center study found the presence of polyps
only 63% of the time on CT. CT imaging features can assist in
distinguishing non-neoplastic polyps from neoplastic polyps.
'The presence of irregular margins and sessile shape are indica-
tors of neoplastic polyps. The larger the polyp (> 15 mm), the
more likely it is to be neoplastic [30]. Furthermore, contrast
enhancement on CT has been reported to predict malignancy.
In a retrospective study, by previous authors found that gall-
bladder polyps with hyperenhancement of 1 - 2 cm were more
likely to be cancerous.

MRI
An increasing number of gallbladder and biliary tree pro-

cedures use MRI as an imaging adjunct and problem-solving
tool. The MRI signal for 57 gallbladder adenomas is generally
homogeneous. DWI was compared with three morphological
features (mass, disrupted mucosa line, and two-layered pattern
absence) in a retrospective, single-center study by Ogawa et
al. It had a sensitivity of 76.9%, a specificity of 84.0%, and an
accuracy of 83.0% when two or more morphological features
suggested malignancy. A combination of morphological fea-
tures and apparent diffusion coeflicient values led to 73.0%
sensitivity, 96.2% specificity and 92.9% accuracy. Tumefactive
sludge will not demonstrate diffusion restriction and have

high T1 signal 45 compared to gallbladder malignancy [31].

Positron emission tomography (PET)

PET can also distinguish benign and malignant gallblad-
der wall thickenings that may be present incidentally on this
imaging modality. In a small study by previous authors, the
mean standardized uptake value (SUV_ ) of malignant thick-
ening was significantly higher than that of benign thickening
(SUV__ 4.5). SUV__ cut-off of 5.95 demonstrated 92 and
79% sensitivity and specificity for detecting malignancy.

Management of gallbladder polyps
Clinical guidelines for managing gallbladder polyps have

been developed by several international societies and organi-
zations. Treatment options and follow-up frequency and dura-
tion are usually guided by clinical and size-based criteria. De-
spite a lack of prospective or randomized data, management
recommendations for gallbladder polyps are based on the ev-
idence base. It is still unclear whether monitoring gallbladder
polyps, especially small polyps, is beneficial, and whether man-
agement strategies are clinically and cost-effective. There was
no significant difference in gallbladder cancer rates between
patients with and without polyps on ultrasound examinations
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in a large North American study by Szpakowski and Tucker
(0.053% and 0.054%). Joint European societies updated their
guidelines for managing gallbladder polyps in 2021. When pa-
tients are fit for surgery and have polyps measuring 10 mm or
more, or if they have gallbladder-related symptoms, cholecys-
tectomy is still recommended. In cases of polypoid lesions that
are less than 10 mm in diameter, clinical risk factors should
be considered. A sessile lesion and age over 60 are clinical risk
factors. When a polyp measure 6 - 9 mm and there are clinical
risk factors, a cholecystectomy is recommended. Additionally,
a solitary polyp is a risk factor for malignancy, which should be
considered alongside cholecystectomy. It depends on the size
and presence of risk factors whether ultrasound monitoring
should be conducted frequently or for a prolonged period of
time. If the polyp measures no more than 5 mm and there are
no risk factors, the patient no longer needs follow-up [32].

Adenomyomatosis
Background

There is a condition known as adenomyomatosis, which
is characterized by thickening of the gallbladder wall, which
is benign and noninflammatory. In adenomyomatosis, the ep-
ithelial cells of the gallbladder multiply and hypertrophy, re-
sulting in mucosal outpouching into the thickened muscular
wall. It is called Rokitansky-Aschoff sinuses, which contain
bile, which dehydrates and inspissates over time, causing cho-
lesterol crystals to precipitate. Chronic inflammation may lead
to dystrophic calcification as a result of the crystals.

In adenomyomatosis, the gallbladder wall thickens in
three main ways: focal, segmental, and diffuse [33]. Adeno-
myomatosis of the fundus is the most common pattern. There
can be challenges in distinguishing between adenomyomato-
sis and malignancy in focal adenomyomatosis. An annular or
segmental adenomyomatosis manifests as a limited circumfer-
ential thickening of the gallbladder wall. An hourglass-shaped
appearance is caused by segmental adenomyomatosis of the
gallbladder. Generally, diffuse adenomyomatosis thickens the
gallbladder wall.

Epidemiology

'The incidence of adenomyomatosis in adult cholecystec-
tomy specimens is estimated at 2.0 - 8.7%. The prevalence of
adenomyomatosis is higher in females than in males. There has
been some evidence that adenomyomatosis occurs in children,
but it is rare. Biliary colic symptoms may occur with adeno-
myomatosis, although gallstones can be a confounding factor.
Approximately 50% of fundamental and diffuse adenomyo-
matosis cases have gallstones, while segmental cases can have

up to 90% [34].

Natural history

Adenomyomatosis is considered benign, even though
dysplastic changes and carcinomas have been reported from
segmental adenomyomatosis. Patients with adenomyomatosis
have a high risk of developing cholelithiasis, and the tumor can
grow naturally as it progresses [35]. The size of the tumor does
not increase with malignancy, which is an important finding.

Imaging features of adenomyomatosis

'The reader can make a confident diagnosis of adenomyo-
matosis based on certain classical features. Radiologists must
keep in mind, however, that gallbladder polyps can overlap
with malignancies. Symptoms of adenomyomatosis, such as
gallbladder masses, can make assessment difficult [36]. It is
recommended to consider early cholecystectomy if the under-
lying diagnosis is uncertain.

TAUS
In addition to TAUS, MRI offers complementary imaging

features that enhance diagnostic accuracy in adenomyomato-
sis. Anechoic cystic spaces 42 are seen within the gallbladder
wall in adenomyomatosis. There may be echogenic foci, comet
tail reverberation artefacts, acoustic shadowing, or twinkling
artefacts resulting from Rokitansky-Aschoff sinuses filled
with cholesterol crystals, biliary sludge, or calculi.

CT

Rokitansky-Aschoff sinuses are what is described as a
"rosary sign" in C'T. The rosary sign is characterized by cys-
tic spaces within a hypertrophied wall without enhancement.
Adenomyomatosis can be identified by the "cotton ball sign",
as described by Zatonski et al. [37]. When contrast-enhanced
CT is performed, the cotton ball sign consists of fuzzy, gray
enhancing dots in a thickened gallbladder wall or dots along
the inner border of the gallbladder wall. About 25% of cases
do not show the cotton ball sign due to Rokitansky-Aschoff
sinuses filled with biliary sludge or calculus [37]. As a result, it
can be difficult to distinguish benign adenomyomatosis from
malignancy on CT, so early cholecystectomy should be con-
sidered if there is clinical suspicion of malignancy.

MRI

A "pearl necklace sign" on T2 weighted MRI images de-
scribes cystic spaces within thickened gallbladder wall that are
intense at T2. Sinuses with biliary sludge or calculi or small (3
mm) may not exhibit the pearl necklace sign. Pear] necklace
sign sensitivity, specificity, and accuracy on MRCP are 62%,
92%, and 74%, respectively. Mucin-producing gallbladder can-
cer, on the other hand, is a rare disease with high T1 and T2
signals within small cystic spaces that resembles adenomyosis
in appearance. There is a much higher prevalence of adeno-
myomatosis than mucin-producing gallbladder cancer, and it
needs to be treated as such.

CEUS

TAUS can be supplemented with CEUS if the equipment
and expertise are available. On CEUS, adenomyomatosis is
characterized by small, non-enhancing, avascular intramural
foci on a background of thickened gallbladder walls. Malig-
nancy is associated with serosal discontinuity, not intact serosa
in adenomyomatosis [2].

HRUS

In addition to adenomyomatosis, HRUS is also useful
for separating early gallbladder cancer from adenomyoma-
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tosis. One small retrospective study in a single center found
symmetrical wall thickening, cystic spaces within the walls,
echogenic foci within the walls, as well as twinkling artefacts
associated with adenomyomatosis. The loss of multilayer pat-
tern in the gallbladder wall and intralesional vascularity were
associated with cancer.

EUS

As with TAUS, EUS demonstrates similar findings in ad-
enomyomatosis, but with a higher sensitivity. Adenomyoma-
tosis investigations should not routinely use EUS due to its
invasive nature and high cost [38].

PET

In uncomplicated adenomyomatosis, F-FDG PET shows
no activity. In addition, localised uptake of FDG may be

caused by chronic inflammatory changes.

Management

The management of adenomyomatosis is not governed
by any national or international guidelines. Uncomplicated
cases of adenomyomatosis are generally not followed up and
not treated. It may be beneficial to obtain further imaging in
cases where the diagnosis is unclear [39]. Symptomatic cases,
unclear diagnoses, and malignant cases may benefit from cho-
lecystectomy.

Conclusion

As a consequence of gallbladder injury, polyps and
adenomyomatosis are commonly found in the gallbladder.
Having a thorough knowledge of their appearance, natural
history, and management is essential for radiologists. A review
of multimodality imaging features has been conducted for both
entities.In addition to TAUS, MRl isincreasingly used to image
the gallbladder and the biliary tree to diagnose and monitor
these diseases. HRUS and CEUS, advances in ultrasound
technology, may be used in specialist centres with sufficient
expertise as adjuncts to TAUS. The imaging characteristics of
each pathology may be similar, but there can also be overlaps
with malignancy requiring early cholecystectomy.

Acknowledgments

None.

Conflicts of Interest

None.

References

1. Jutras JA. 1960. Hyperplastic cholecystoses; hickey lecture, 1960. Am J
Roentgenol Radium Therapy Nucl Med 83: 795-827.

2. Riddell ZC, Corallo C, Albazaz R, Foley KG. 2023. Gallbladder pol-
yps and adenomyomatosis. Br J Radiol 96(1142): 1-15. https://doi.
0rg/10.1259%2Fbjr.20220115

3. Bevan G. 1970. Acalculous adenomyomatosis of the gallbladder. Guz
11(12): 1029-1034. https://doi.org/10.1136/gut.11.12.1029

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Colquhoun J. 1961. Adenomyomatosis of the gall-bladder (intra-
mural diverticulosis). Br J Radio/ 34(398): 101-112. https://doi.
0rg/10.1259/0007-1285-34-398-101

Cariati A, Cetta F. 2003. Rokitansky-aschoff sinuses of the gallbladder
are associated with black pigment gallstone formation: a scanning elec-
tron microscopy study. Ultrastruct Pathol 27(4): 265-270. https://doi.
0rg/10.1080/01913120309913

Aguirre JR, Bohler RO, Guraieb S. 1969. Hyperplastic cholecystoses;
a new contribution to the Unitarian theory. Am | Roentgenol Radium
Therapy Nucl Med 107(1): 1-13.

Bonatti M, Vezzali N, Ferro F, Gentile L, Pozzi-Mucelli R, et al. 2014.
Gallbladder Adenomyomatosis: Are We Sure to Know It? EPOS.

Hammad AY, Miura ] T, Turaga KK, Johnston FM, Hohenwalter MD,
et al. 2016. A literature review of radiological findings to guide the di-
agnosis of gallbladder adenomyomatosis. HPB 18(2): 129-135. https://
doi.org/10.1016%2Fj.hpb.2015.09.006

Catalano OA, Sahani DV, Kalva SP, Cushing MS, Hahn PF et al. 2008.
MR imaging of the gallbladder: a pictorial essay. Radiographics 28(1):
135-155. https://doi.org/10.1148/rg.281065183

Kai K. 2016. Organ-specific concept and controversy for premalignant
lesions and carcinogenesis of gallbladder cancer. Hepatobiliary Surg Nutr
5(1): 85-87. https://doi.org/10.3978%2F].issn.2304-3881.2016.01.03

Nabatame N, Shirai Y, Nishimura A, Yokoyama N, Wakai T, et al. 2004.
High risk of gallbladder carcinoma in elderly patients with segmental
adenomyomatosis of the gallbladder. J Exp Clin Cancer Res 23(4): 593-
598.

Nishimura A, Shirai Y, Hatakeyama K. 2004. Segmental adenomyo-
matosis of the gallbladder predisposes to cholecystolithiasis. / Hepato
Biliary Pancreat Surg 11(5): 342-347. https://doi.org/10.1007/500534-
004-0911-x

Ootani T, Shirai Y, Tsukada K, Muto T. 1992. Relationship between
gallbladder carcinoma and the segmental type of adenomyomatosis of
the gallbladder. Cancer 69(11): 2647-2652. https://doi.org/10.1002/1
097-0142(19920601)69:11%3C2647::aid-cncr2820691105%3E3.0.
c0;2-0

Kim JH, Jeong IH, Han JH, Hwang JC, Yoo BM, et al. 2010. Clinical/
pathological analysis of gallbladder adenomyomatosis; type and patho-
genesis. Hepatogastroenterology 57(99-100): 420-425.

Williams I, Slavin G, Cox A, Simpson P, de Lacey G. 1986. Diverticular
disease (adenomyomatosis) of the gallbladder: a radiological-patholog-
ical survey. Br J Radiol 59(697): 29-34. https://doi.org/10.1259/0007-
1285-59-697-29

Yoon JH, Cha SS, Han SS, Lee SJ, Kang MS. 2006. Gallbladder adeno-
myomatosis: imaging findings. Abdom Imaging 31: 555-563. https://doi.
0rg/10.1007/500261-005-0230-y

Agrawal S, Khurana J, Daruwala C. 2012. Gallbladder adenomyoma-
tosis: a malignant masquerader. Dig Liver Dis 44(11): €23. https://doi.
0rg/10.1016/j.d1d.2012.06.012

Pellino G, Sciaudone G, Candilio G, Perna G, Santoriello A, et al.
2013. Stepwise approach and surgery for gallbladder adenomyomatosis:
a mini-review. Hepatobiliary Pancreat Dis Int 12(2): 136-142. https://
doi.org/10.1016/s1499-3872(13)60022-3

Yoshimitsu K, Irie H, Aibe H, Tajima T, Nishie A, et al. 2005. Well-dif-
ferentiated adenocarcinoma of the gallbladder with intratumoral cystic
components due to abundant mucin production: a mimicker of ade-
nomyomatosis. Eur Radiol 15(20): 229-233. https://doi.org/10.1007/
$00330-004-2516-9

. March HC. 1948. Visualization of the rokitansky-aschoft sinuses of

the gallbladder during cholecystography. Am | Roentgenol Radium Ther
59(2): 197-203.

. Joo I, Lee JY, Kim JH, Kim SJ, Kim MA, et al. 2013. Differentiation

of adenomyomatosis of the gallbladder from early-stage, wall-thicken-
ing-type gallbladder cancer using high-resolution ultrasound. Eur Ra-

Journal of Medical Imaging and Case Reports | Volume 8 Issue 2, 2024

33


https://pubmed.ncbi.nlm.nih.gov/14408274/
https://pubmed.ncbi.nlm.nih.gov/14408274/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9975534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9975534/
https://doi.org/10.1259%2Fbjr.20220115
https://doi.org/10.1259%2Fbjr.20220115
https://gut.bmj.com/content/11/12/1029.abstract
https://gut.bmj.com/content/11/12/1029.abstract
https://doi.org/10.1136/gut.11.12.1029
https://academic.oup.com/bjr/article-abstract/34/398/101/7302042
https://academic.oup.com/bjr/article-abstract/34/398/101/7302042
https://doi.org/10.1259/0007-1285-34-398-101
https://doi.org/10.1259/0007-1285-34-398-101
https://pubmed.ncbi.nlm.nih.gov/12907372/
https://pubmed.ncbi.nlm.nih.gov/12907372/
https://pubmed.ncbi.nlm.nih.gov/12907372/
https://doi.org/10.1080/01913120309913
https://doi.org/10.1080/01913120309913
https://ajronline.org/doi/pdf/10.2214/ajr.107.1.1
https://ajronline.org/doi/pdf/10.2214/ajr.107.1.1
https://ajronline.org/doi/pdf/10.2214/ajr.107.1.1
https://epos.myesr.org/poster/esr/ecr2014/C-0198
https://epos.myesr.org/poster/esr/ecr2014/C-0198
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4814619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4814619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4814619/
https://doi.org/10.1016%2Fj.hpb.2015.09.006
https://doi.org/10.1016%2Fj.hpb.2015.09.006
https://pubmed.ncbi.nlm.nih.gov/18203935/
https://pubmed.ncbi.nlm.nih.gov/18203935/
https://pubmed.ncbi.nlm.nih.gov/18203935/
https://doi.org/10.1148/rg.281065183
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4739938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4739938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4739938/
https://doi.org/10.3978%2Fj.issn.2304-3881.2016.01.03
https://pubmed.ncbi.nlm.nih.gov/15743029/
https://pubmed.ncbi.nlm.nih.gov/15743029/
https://pubmed.ncbi.nlm.nih.gov/15743029/
https://pubmed.ncbi.nlm.nih.gov/15743029/
https://pubmed.ncbi.nlm.nih.gov/15549435/
https://pubmed.ncbi.nlm.nih.gov/15549435/
https://pubmed.ncbi.nlm.nih.gov/15549435/
https://doi.org/10.1007/s00534-004-0911-x
https://doi.org/10.1007/s00534-004-0911-x
https://pubmed.ncbi.nlm.nih.gov/1571894/
https://pubmed.ncbi.nlm.nih.gov/1571894/
https://pubmed.ncbi.nlm.nih.gov/1571894/
https://doi.org/10.1002/1097-0142(19920601)69:11%3C2647::aid-cncr2820691105%3E3.0.co;2-0
https://doi.org/10.1002/1097-0142(19920601)69:11%3C2647::aid-cncr2820691105%3E3.0.co;2-0
https://doi.org/10.1002/1097-0142(19920601)69:11%3C2647::aid-cncr2820691105%3E3.0.co;2-0
https://pubmed.ncbi.nlm.nih.gov/20698201/
https://pubmed.ncbi.nlm.nih.gov/20698201/
https://pubmed.ncbi.nlm.nih.gov/20698201/
https://pubmed.ncbi.nlm.nih.gov/3081071/
https://pubmed.ncbi.nlm.nih.gov/3081071/
https://pubmed.ncbi.nlm.nih.gov/3081071/
https://doi.org/10.1259/0007-1285-59-697-29
https://doi.org/10.1259/0007-1285-59-697-29
https://link.springer.com/article/10.1007/s00261-005-0230-y
https://link.springer.com/article/10.1007/s00261-005-0230-y
https://doi.org/10.1007/s00261-005-0230-y
https://doi.org/10.1007/s00261-005-0230-y
https://www.dldjournalonline.com/article/S1590-8658(12)00234-4/abstract
https://www.dldjournalonline.com/article/S1590-8658(12)00234-4/abstract
https://doi.org/10.1016/j.dld.2012.06.012
https://doi.org/10.1016/j.dld.2012.06.012
https://pubmed.ncbi.nlm.nih.gov/23558066/
https://pubmed.ncbi.nlm.nih.gov/23558066/
https://pubmed.ncbi.nlm.nih.gov/23558066/
https://doi.org/10.1016/s1499-3872(13)60022-3
https://doi.org/10.1016/s1499-3872(13)60022-3
https://pubmed.ncbi.nlm.nih.gov/15662477/
https://pubmed.ncbi.nlm.nih.gov/15662477/
https://pubmed.ncbi.nlm.nih.gov/15662477/
https://pubmed.ncbi.nlm.nih.gov/15662477/
https://doi.org/10.1007/s00330-004-2516-9
https://doi.org/10.1007/s00330-004-2516-9
https://europepmc.org/article/med/18905877
https://europepmc.org/article/med/18905877
https://europepmc.org/article/med/18905877
https://pubmed.ncbi.nlm.nih.gov/23247807/
https://pubmed.ncbi.nlm.nih.gov/23247807/
https://pubmed.ncbi.nlm.nih.gov/23247807/

Evolving Approach and Current Perspectives of Gallbladder Polyps and Adenomyomatosis

Prabhakara et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

diol 23: 730-738. https://doi.org/10.1007/s00330-012-2641-9
Kim HC, Yang DM, Jin W, Ryu JK, Shin HC. 2010. Color doppler

twinkling artifacts in various conditions during abdominal and pelvic
sonography. J Ultrasound Med 29(4): 621-632. https://doi.org/10.7863/
jum.2010.29.4.621

Yu MH, Lee JY, Yoon JH, Baek JH, Han JK, et al. 2012. Color doppler
twinkling artifacts from gallbladder adenomyomatosis with 1.8 MHz
and 4.0 MHz color doppler frequencies. Ultrasound Med Biol 38(7):
1188-1194. https://doi.org/10.1016/j.ultrasmedbio.2012.03.010

Gallbladder Polyps: Are They Cancer and How They are Treated.
[https://www.zadehsurgical.com/gallbladder-polyps-are-they-cancer-
and-how-they-are-treated] [Accessed September 27, 2024]

Sparchez Z, Radu P. 2012. Role of CEUS in the diagnosis of gallblad-
der disease. Med Ultrason 14(4): 326-330.

Xie XH, Xu HX, Xie XY, Lu MD, Kuang M, et al. 2010. Differen-
tial diagnosis between benign and malignant gallbladder diseases with
real-time contrast-enhanced ultrasound. Eur Radiol 20(1): 239-248.
https://doi.org/10.1007/s00330-009-1538-8

Tang S, Huang L, Wang Y, Wang Y. 2015. Contrast-enhanced ultraso-
nography diagnosis of fundal localized type of gallbladder adenomyo-
matosis. BMC Gastroenterol 15: 1-6. https://doi.org/10.1186/5s12876-
015-0326-y

Yoshimitsu K, Honda H, Aibe H, Shinozaki K, Kuroiwa T, et al. 2001.
Radiologic diagnosis of adenomyomatosis of the gallbladder: compar-
ative study among MRI, helical CT, and transabdominal US. J Comput
Assist Tomogr 25: 843-850.

Yoshimitsu K, Honda H, Jimi M, Kuroiwa T, Hanada K, et al. 1999.
MR diagnosis of adenomyomatosis of the gallbladder and differenti-
ation from gallbladder carcinoma: importance of showing Rokitan-
sky-Aschoff sinuses. Am ] Roentgenol 172(6): 1535-1540. https://doi.
org/10.2214/2jr.172.6.10350285

Haradome H, Ichikawa T, Sou H, Yoshikawa T, Nakamura A, et al.
2003. The pearl necklace sign: an imaging sign of adenomyomatosis of
the gallbladder at MR cholangiopancreatography. Radiology 227(1): 80-
88. https://doi.org/10.1148/radiol.2271011378

31

32.

33.

34.

35.

36.

37.

38.

39.

Ogawa T, Horaguchi J, Fujita N, Noda Y, Kobayashi G, et al. 2012. High
b-value diffusion-weighted magnetic resonance imaging for gallbladder
lesions: differentiation between benignity and malignancy. ] Gastroen-
terol 47: 1352-1360. https://doi.org/10.1007/s00535-012-0604-1

Ching BH, Yeh BM, Westphalen AC, Joe BN, Qayyum A, et al. 2007.
CT differentiation of adenomyomatosis and gallbladder cancer. Am J
Roentgenol 189(1): 62—66. https://doi.org/10.2214/AJR.06.0866

Suzuki K, Watada S, Yoko M, Nakahara T, Kumamoto Y. 2011. Suc-
cessful diagnosis of gallbladder carcinoma coexisting with adenomyo-
matosis by *F-FDG-PET--report of a case. | Gastrointest Cancer 42:
252-256. https://doi.org/10.1007/s12029-010-9221-5

Maldjian PD, Ghesani N, Ahmed S, Liu Y. 2007. Adenomyomatosis of
the gallbladder: another cause for a “hot” gallbladder on *F-FDG PET.
Am J Roentgenol 189(1): 36-38. https://doi.org/10.2214/AJR.05.1284

Kimura W, Shimada H, Kuroda A, Morioka Y. 1989. Carcinoma of the
gallbladder and extrahepatic bile duct in autopsy cases of the aged, with
special reference to its relationship to gallstones. Am J Gastroenterol 84:
386-390.

Hundal R, Shaffer EA. 2014. Gallbladder cancer: epidemiology and
outcome. Clin Epidemiol 6: 99-109.

Zatonski WA, Przewozniak K, Lowenfels AB, Boyle P, Maisonneuve P,
et al. 1997. Epidemiologic aspects of gallbladder cancer: a case-control
study of the search program of the international agency for research on
cancer. | Natl Cancer Inst 89(15): 1132-1138. https://doi.org/10.1093/
jnci/89.15.1132

Ryu S, Chang Y, Yun KE, Jung HS, Shin JH, et al. 2016. Gallstones and
the risk of gallbladder cancer mortality: a cohort study. Am J Gastroen-
terol 111(10): 1476-1487. https://doi.org/10.1038/ajg.2016.345

Machado NO. 2016. Porcelain gallbladder: decoding the malignant
truth. Sultan Qaboos Univ Med ] 16(4): 416-421. https://doi.org/10.182
95%2Fsqum;j.2016.16.04.003

Journal of Medical Imaging and Case Reports | Volume 8 Issue 2, 2024

34


https://pubmed.ncbi.nlm.nih.gov/23247807/
https://doi.org/10.1007/s00330-012-2641-9
https://pubmed.ncbi.nlm.nih.gov/20375381/
https://pubmed.ncbi.nlm.nih.gov/20375381/
https://pubmed.ncbi.nlm.nih.gov/20375381/
https://doi.org/10.7863/jum.2010.29.4.621
https://doi.org/10.7863/jum.2010.29.4.621
https://pubmed.ncbi.nlm.nih.gov/22579538/
https://pubmed.ncbi.nlm.nih.gov/22579538/
https://pubmed.ncbi.nlm.nih.gov/22579538/
https://pubmed.ncbi.nlm.nih.gov/22579538/
https://doi.org/10.1016/j.ultrasmedbio.2012.03.010
https://www.zadehsurgical.com/gallbladder-polyps-are-they-cancer-and-how-they-are-treated
https://www.zadehsurgical.com/gallbladder-polyps-are-they-cancer-and-how-they-are-treated
https://pubmed.ncbi.nlm.nih.gov/23243646/
https://pubmed.ncbi.nlm.nih.gov/23243646/
https://pubmed.ncbi.nlm.nih.gov/19657645/
https://pubmed.ncbi.nlm.nih.gov/19657645/
https://pubmed.ncbi.nlm.nih.gov/19657645/
https://doi.org/10.1007/s00330-009-1538-8
https://pubmed.ncbi.nlm.nih.gov/26239485/
https://pubmed.ncbi.nlm.nih.gov/26239485/
https://pubmed.ncbi.nlm.nih.gov/26239485/
https://doi.org/10.1186/s12876-015-0326-y
https://doi.org/10.1186/s12876-015-0326-y
https://journals.lww.com/jcat/abstract/2001/11000/radiologic_diagnosis_of_adenomyomatosis_of_the.3.aspx
https://journals.lww.com/jcat/abstract/2001/11000/radiologic_diagnosis_of_adenomyomatosis_of_the.3.aspx
https://journals.lww.com/jcat/abstract/2001/11000/radiologic_diagnosis_of_adenomyomatosis_of_the.3.aspx
https://journals.lww.com/jcat/abstract/2001/11000/radiologic_diagnosis_of_adenomyomatosis_of_the.3.aspx
https://ajronline.org/doi/abs/10.2214/ajr.172.6.10350285
https://ajronline.org/doi/abs/10.2214/ajr.172.6.10350285
https://ajronline.org/doi/abs/10.2214/ajr.172.6.10350285
https://ajronline.org/doi/abs/10.2214/ajr.172.6.10350285
https://doi.org/10.2214/ajr.172.6.10350285
https://doi.org/10.2214/ajr.172.6.10350285
https://pubs.rsna.org/doi/abs/10.1148/radiol.2271011378
https://pubs.rsna.org/doi/abs/10.1148/radiol.2271011378
https://pubs.rsna.org/doi/abs/10.1148/radiol.2271011378
https://pubs.rsna.org/doi/abs/10.1148/radiol.2271011378
https://doi.org/10.1148/radiol.2271011378
https://link.springer.com/article/10.1007/s00535-012-0604-1
https://link.springer.com/article/10.1007/s00535-012-0604-1
https://link.springer.com/article/10.1007/s00535-012-0604-1
https://link.springer.com/article/10.1007/s00535-012-0604-1
https://doi.org/10.1007/s00535-012-0604-1
https://ajronline.org/doi/full/10.2214/AJR.06.0866
https://ajronline.org/doi/full/10.2214/AJR.06.0866
https://ajronline.org/doi/full/10.2214/AJR.06.0866
https://doi.org/10.2214/AJR.06.0866
https://link.springer.com/article/10.1007/s12029-010-9221-5
https://link.springer.com/article/10.1007/s12029-010-9221-5
https://link.springer.com/article/10.1007/s12029-010-9221-5
https://link.springer.com/article/10.1007/s12029-010-9221-5
https://doi.org/10.1007/s12029-010-9221-5
https://ajronline.org/doi/full/10.2214/AJR.05.1284
https://ajronline.org/doi/full/10.2214/AJR.05.1284
https://ajronline.org/doi/full/10.2214/AJR.05.1284
https://doi.org/10.2214/AJR.05.1284
https://pubmed.ncbi.nlm.nih.gov/2929559/
https://pubmed.ncbi.nlm.nih.gov/2929559/
https://pubmed.ncbi.nlm.nih.gov/2929559/
https://pubmed.ncbi.nlm.nih.gov/2929559/
https://www.tandfonline.com/doi/full/10.2147/CLEP.S37357
https://www.tandfonline.com/doi/full/10.2147/CLEP.S37357
https://pubmed.ncbi.nlm.nih.gov/9262251/
https://pubmed.ncbi.nlm.nih.gov/9262251/
https://pubmed.ncbi.nlm.nih.gov/9262251/
https://pubmed.ncbi.nlm.nih.gov/9262251/
https://doi.org/10.1093/jnci/89.15.1132
https://doi.org/10.1093/jnci/89.15.1132
https://journals.lww.com/ajg/abstract/2016/10000/gallstones_and_the_risk_of_gallbladder_cancer.27.aspx
https://journals.lww.com/ajg/abstract/2016/10000/gallstones_and_the_risk_of_gallbladder_cancer.27.aspx
https://journals.lww.com/ajg/abstract/2016/10000/gallstones_and_the_risk_of_gallbladder_cancer.27.aspx
https://doi.org/10.1038/ajg.2016.345
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5135451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5135451/
https://doi.org/10.18295%2Fsqumj.2016.16.04.003
https://doi.org/10.18295%2Fsqumj.2016.16.04.003

	Abstract
	Introduction
	Methods
	Gallbladder polyps
	Background
	Epidemiology
	Natural history
	Risk factors for malignancy
	Polyp size
	Primary sclerosing cholangitis (PSC)
	Patient age
	Number of polyps
	Sessile morphology
	Ethnicity
	Gallstones
	Radiological investigation of gallbladder polyps
	Imaging features
	TAUS
	High-resolution ultrasound (HRUS)
	CEUS
	Endoscopic ultrasound (EUS)
	Computed tomography (CT)
	MRI
	Positron emission tomography (PET)
	Management of gallbladder polyps

	Adenomyomatosis
	Background
	Epidemiology
	Natural history
	Imaging features of adenomyomatosis
	TAUS
	CT
	MRI
	CEUS
	HRUS
	EUS
	PET
	Management


	Conclusion
	Acknowledgment
	Conflicts of Interest
	References
	Figure 1
	Figure 2

